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An earlier study proposed utilizing plots of ground- - *  

track separation to minimize redundant photographic coverage 
while meeting the photographic constraints. The data on the 
Apollo 16 groundtrack separations included in the earlier 
study have been superseded by recent groundtrack changes and 
by the addition of a second orbital plane change for science 
coverage (LOPC-2). Tables of the normal groundtrack separa- 
tion distances +re presented for the latest Apollo 16 mission 
profile including a LOPC-2 of 3' south. Each table lists the 
normal groundtrack separation distance as a function of lunar 
latitude for various numbers of revolutions between ground- 
tracks. 
distances for a potential LOPC-2 of 5 O  south. 

Tables are also included of the groundtrack separation 
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I. INTRODUCTION 

An earlier study* presented a technique for mini- 
mizing Mapping Camera (MC) film usage by reducing redundant 
coverage while meeting the desired sidelap and for planning 
Panoramic Camera (PC) photography such that photographic con- 
tiguity was attained but redundant coverage minimized. The 
technique utilized plots of the groundtrack separation as a 
function of lunar latitude. The plots of groundtrack separa- 
tion for Apollo 16 presented in the earlier study have been 
superseded due to recent changes in the groundtrack and by 
the addition of a second orbital plane change. This second 
plane change (LOPC-2) increases the orbital inclination in 
order to photograph additional areas of geological interest. 
In this memorandum the normal groundtrack separation distances 
are presented for the current Apollo 16 groundtracks. 
detailed discussion of photographic planning using this data 
the reader is referred to the referenced study.) 

(For a 

11. APOLLO 16 GROUNDTRACKS 

The nominal Apollo 16 mission utilizes an approach 
azimuth of -90' to the Descartes landing site with an orbital 
inclination of 8.98' and a longitude of the descending node on 
rev 1 of 116.4'. The CSM plane change for rendezvous (LOPC-1) 
occurs on rev 40 and increases the orbital inclination to 10.40' 
while shifting the descending node approximately 6' eastward. 
After CSM/LM docking, the CSM remains in this orbit until rev 
60 when a second orbital plane change for science coverage 
(LOPC-2) Increases the orbital inclination to 13.40' with no 
nodal shift. 

* "Lunar Orbital Photographic Planning Charts for Candidate 
Apollo J-Missions," Bellcomm TM-71-2015-6, P. J. Hickson 
and W. L. Piotrowski, October 29, 1971. 
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111. GROUNDTRACK SEPARATION 

F i g u r e  1 shows t h e  g e n e r a l  Apollo 1 6  groundt rack  
geometry for t w o  a r b i t r a r y  groundtracks wi th  azimuths a t  t h e  
node A1 and A2 degrees and sepa ra t ed  by a d i s t a n c e S , i n  d e g r e e s ,  
on t h e  equa to r .  The normal s e p a r a t i o n  d i s t a n c e  f r o m  ground- 
t rack 2 a t  l a t i t u d e  A t o  groundtrack 1 i s  shown as  p.  Values  
of p ( i n  km) are given i n  Tables  I - I X  as a f u n c t i o n  of l a t i -  
t u d e  (from .01' t o  the  maximum l a t i t u d e ,  bo th  n o r t h  and s o u t h )  
and a s  a f u n c t i o n  of the  r e v  s e p a r a t i o n  between g round t racks .  
( T h e  r e v  s e p a r a t i o n  between groundt racks  i s  e q u i v a l e n t  t o  t h e  
e q u a t o r i a l  s e p a r a t i o n  S i n  degrees  when no node s h i f t  i s  
involved . )  Each t ab le  a l so  i n d i c a t e s  t h e  l e n g t h s  of arc w1 

and w 2  a long  t h e  r e s p e c t i v e  groundt racks  between t h e  l u n a r  
equa to r  and t h e  i n d i c a t e d  l a t i t u d e .  Values of p a r e  deter- 
mined fo r  t h e  fo l lowing  cases: 

1. between CSM c i r c u l a r i z a t i o n  and LOPC-1 
(Tables Ia and I b )  

2. across LOPC-1 (Tables I I a  and I I b )  

A1 = 8 .9%'  

A2 = 10.40' 

node s h i f t  6' eastward 

3 .  between LOPC-1 and LOPC-2 (Tables  I I I a  
and I I I b )  

A1 = A2 = 10 .40 '  

4. across LOPC-2 (Tables  I V a  and I V b )  

A1 = 10 .40 '  

A2 = 13.40° 

5. between LOPC-2 and T E I  (Tables  V a  and Vb) 

A1 = A2 = 13.40' 
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Prc-MPC-1 

Acrosa LoPC-1 

POS t-LOPC- 1 

Acres. MPC-2 

P0.t-MPC-2 

6 .  between CSM c i r c u l a r i z a t i o n  and post-LOPC-2 
(Tables  V I a  and VIb) 

3. south MPC-2 5. South MPC-2 

nC/Rectif ied-PC nc HC/Rectified-PC nc 
25% Sidelap Cont j guity 8558 Sidelap Contiguity 

1 5  35 15 35 

18 37 18 37 

13 30 13 30 

1 3  

-(el) . 

10 

Al = 8 . 9 8 "  

A 2  = 13.40" 

I V .  PHOTOGRAPHIC PLANNING 

Tab les  Ia  and Ib i n d i c a t e  t h a t  between CSM c i r c u l a r -  
i z a t i o n  and LOPC-1, >55% MC s i d e l a p  (groundt rack  s e p a r a t i o n  
- < 7 4  km a long  t h e  e n t l r e  t r a c k )  can  be a t t a i n e d  w i t h  photo-  
p a s s e s  eve ry  15 th  rev and r ec t i f i ed -PC c o n t i g u i t y  (g round t rack  
s e p a r a t i o n  <165 km everywhere) can  be a t t a i n e d  w i t h  photo- 
p a s s e s  every 35th rev.  
t o  1 8  r e v s  can  e l a p s e  between t h e  l a s t  MC photo=pass p r i o r  
t o  and t h e  f i r s t  photo-pass  a f t e r  LOPC-1 f o r  >55% MC s i d e l a p ,  
and up t o  3 7  r e v s  between s u c c e s s i v e  PC p a s s e s  f o r  r e c t i f i e d -  
PC c o n t i g u i t y .  S i m i l a r l y ,  between LOPC-1 and LOPC-2, t h e  
r e s p e c t i v e  maximum r e v  s e p a r a t i o n  al lowed i s  1 3  and 30 and 
a f t e r  LOPC-2, 1 0  and 23.** 

Tables  I I a  and I I b  i n d i c a t e  t h a t  up 

Across LOPC-2,  however, a >55% MC s i d e l a p  i s  n o t  
p o s s i b l e  a t  a l l  p o i n t s  a long  t h e  g round t rack  even when no more 
t h a n  o n e  r e v o l u t i o n  e l a p s e s  between t h e  l a s t  photo-pass  p r i o r  
t o  and t h e  f i r s t  photo-pass  a f t e r  LOPC-2,  s i n c e  IA1-A21 > 2 . 4 4 ' .  

wmun NUICIER OF REVOLUTIONS B-EN SUCCESSIVE PHOTO-PASSES 
TO ACHIEVE CONSTRAINT 

* *  Using t h e  photographic  p lanning  t echn ique  sugges t ed  i n  t h e  
earlier s t u d y  w i l l  r e q u i r e  i n t e r p o l a t i o n  of  t h e  tab les .  
I n  t h e  ear l ier  s t u d y  o n l y  s e l e c t e d  p o r t i o n s  of s i m i l a r  
t ab les  w e r e  p l o t t e d  t o  f a c i l i t a t e  qu ick  estimates.  
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Nevertheless, rectified-PC contiguity can be attained across 
LOPC-2 when no more than 22 revs elapse between the last PC 
photo-pass prior to and the first photo-pass after the plane 
change. These results are summarized in the summary chart. 
Lastly, the photographic overlap between the first and last 
photographic passes can be determined from Tables VIa and VIb. 

For a potential plane change for science (LOPC-2) 
of 5' (15.40' inclination post-LOPC-2), the respective ground- 
track separations are shown in Table VI1 (across LOPC-21, 
Table VI11 (post-LOPC-2) and Table IX (between CSM circular- 
ization and post-LOPC-2). The maximum number of revolutions 
that can elapse between successive photo-passes to achieve 
the constraints are also summarized in the above table. 

%A P a -  
w. L. Piotrowski 

2015-gi-ams P. J. Hickson 
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Table Ia 

' * e  P I U I M U M  D I S T A N C E  BETWEFN O H R I T  G R O U N D  TRACKS.. APOLLO 16- 

F O W  REVOLUTION S E P A H A T I O N  0 ' 1  THE LIJNAR EQUATOP 1N DEGREESeAND LATITUDE I N  DEG. 
M I N I M U M  R E V  SFPASATION A T  LATlTUDE I N  KILOMETERS 

( M F A q L J Q E V  F 9 0 V  T R A C K  2 1 
A ( l ) =  qm9P 
A ( Z ) =  8.98 

1 .  - 0  I 2.1 2.9 3.5 3.9 9.2 4.4 4.6 4.7 4.7 
2. -.2 4.1 5 . 8  4.9 7.8 8.4 819  9.2 9.4 9.5 
3. -.4 6 .  I 8 . 6  1 0 . 3  11.6 12.5 13.3 13.8 14.1 14.2 
4.  -. 7 8.0 11.3 1 3 . 6  1 5 . 3  16.6 17.6 14.3 18.7 18.9 
5. - 1  .o 9.9 14.0 16.9 19.0 20.7 21.9 22.R 23.4 23.6 
6 .  -1.5 11.5 16.6 2 0 . 1  22.7 24.7 26.2 27.3 28.0 28.4 
7. -2.0 13.2 19.1 27.2 26.3 28.7 3n.5 31.8 32.6 33.1 
8 .  -2.6 1 4 . 8  21.6 76.3 79.9 3 2 . 6  34.7 3 6 . 2  37.2 37.8 
9. - 3 . 3  16.3 23.9 29.3 33.4 36.5 38.9 4 n . 6  4 1 . 8  42.4 

- 4 . 1  17.7 7 h . 3  3 2 . 3  3 6 . 8  4n.3 43.0 45.0 46.4 47.1 . -  
I I 1  . 
1 1 .  -4.9 19.1 28.5 35.2 40.2 44.1 47.1 4 9 . 4  50.9 51.8 
12.  -5.9 20.3 3 0 0 7  34.0 43.5 47.9 51.2 53.7 55.4 56.4 
1 3 .  -6.9 21.5 3 2 . A  4n.7 46.8 51.5 55.2 5 A . O  59.9 61.0 
14. -q.n 22.6 34.8 43.4 50.U 55.2 59.2 62.2 64.3 6 5 . 6  
15. -9.1 23.7 3 6 . n  46.1 53.2 58.8 6 3 . 1  66.4 6 8 . R  70.2 
16. -1rl .4 2 4 0 4  38.6 48.6 56.3 62.3 67.0 7n.6 73.2 74.8 
17. -11 .7  25.5 40.5 51.1 59.3 6 5 . 8  70.8 74.7 77.5 79.3 
1 P .  -13.1 2603 '17.2 53.5 b 2 . 3  69.7 7 9 0 6  7A.A A 1 0 9  83.9 
19. -14 .6  27.0 43.9 55.9 45.2 72.5 78.4 92.9 86.2 88.3 
20. -16.2 27.6 4504 5 9 . 1  68.0 75.8 82.1 86.9 90.4 92;8 

21.  -17.P 28.2 46.9 60.4 7 0 . 8  79.1 85.7 9 n . R  94.7 97.3 

23. -21.3 29.1 49.7 6 4 1 6  76.1 85.4 92.8 9 R . 6  1 n 3 e f l  106.0 
27.  -19.5 2 8 0 7  48.3 62.5 73.5 P2.3 89.3 94.8 98.9 101.7 

24. -23.2 29.4 50.9 64.5 78.7 88.5 96.3 103.5 i n 7 . 1  110.4 

2 6  -27 .2  29.7 5 3 . 2  70.3 ~ 3 . 7  94.4 103.1 1ir1.11 115.3 119 .0  

29  -33.7 29.7 5 6 . 1  75.4 90.5 i02.e 112.8 i 2 n . 9  127.1 131.6 

2s. -25.2 29.6 5 2 . 1  64.5 81.2 91.5 99.7 106.2 111.2 114.7 

27. -29.3 29.8 54.3 72.1 86.0 97.3 1 0 6 . 4  1 1 3 . 7 .  119.3 123.2 
2R 0 -31.5 29.8 55.2 73.7 9 8 . 3  100.1 109.6 117.3 123.2 127.5 

3 0  - 3 6 . 0  29.5 56.9 76.9 92.7 105.5 116.0 124.4 131.0 135.8 

3 1 .  -38.4 29.2 57.6 78.4 94.8 108.1 119.0 
32. -40.9 28.9 58.2 79.7 9 6 . 8  110.7 122.0 
3 3 .  - 9 3 . 4  28.5 ~ R . R  8 1 . 0  98.7 113.1 i 2 s . o  
34. -96.0 28.0 59.2 82.3 100.6 115.5 127.9 
35. -48.7 27.4 59.6 R 3 . 4  102 .4  117.9 130.7 
3 6  - 5 1 . 4  26.7 59.9 84.5 1 0 4 . 1  1 2 0 . 1  133.4 
37. -54.2 25.9 ~ n . 2  e 5 . 5  105.7 122.3 1 3 6 . 1  
3 8 .  -57.1 25.1 611.3 A 6 . 4  107.3 124.5 139.7 
39. -60. f l  24.2 60.4 87.2 108.7 126.5 141.3 
4 0  . -63.0 23.2 6 0 . 3  87.9 110.1 128.5 143.8 

127.8 1 3 r . a  139.9 
131.3 138.5 143.9 
134.6 142.2 147.9 
137.9 145.9 151.9 
1 4 1 . 1  149.5 155.8 
149.3 153.1 159.7 
147.4 156.6 163.5 
1 S f l . S  160 .0  167.3 
153.5 1 6 3 . 4  1 7 l . n  
1 5 6 . 4  166.7 174.7 



Table I b  

o *  MlNIYUM DISTANCE RETWEEN ORBIT GROUND TRACKS** APOLLO 1 6 -  

F O R  REVOLUTION SEPARATION ON THE LUNAR EQUATOR I N  DEGREESeAND L A T I T U D E  I N  DEG.  
M IN lYUM REV SFPARATION A T  LATITUDE I N  KILOMETERS 

( MEASIJRED FROM T R A C K  2 1 
A ( 1 ) =  8.98 
A ( 2 ) s  8.98 

R€V L A T I  T U D E  
.n i  1.00 2.00 3.00 4 . 0 0  s . 0 0  6.00 7.00 t l . 0 0  8.98 

1. 4.7 4.7 4.6 4.5 4.3 4 .O 3 . 6  3.0 2.2 . I  
2. 9.5 9.4 9.3 9.0 8.5 7.9 7.1 6.0 4.4 .2 
3 .  14.2 14.2 13.9 13.5 12.9 12.0 10.8 9.2 6.8 0 4  
4. 18.9 18.9 1 8 . 6  1El.O 17.2 16.1 14.5 12.3 9.2 a7 
5. 23.6 23.6 23.3 22.6 21.6 20.2 18.2 15.6 11.6 1.0 
6. 28.4 28.3 28.0 27.2 26.0 24.3 22.0 18.9 14.2 1.5 
7. 33.1 33.1 32.7 31.8 30.5 28.5 25.9 22.2 16.8 2.0 

9. 4 7 . 9  42.5 42.1 41.1 39.4 37.1 33.7 29.1 22.2 3 . 3  
10. 47.1 47.3 4 6 . 8  4 5 . 8  44.0 41.4 37.7 32.6 25.0 4. 1 

A .  37.8 37.A 37.4 36.4 34.9 32.8 29.8 2'5.6 19.4 2.6 

1 1 .  51.R 52.0 51.6 50.4 48.5 45.7 41.8 36.2 27.8 4.9 
12. 56.4 56.7 56.3 55.1 53.1 5 n . l  45.8 39.8 30.8 5.9 
13. 61.0 61.4 61.0 S9.8 57.7 54.5 49.9 9 3 . 5  3 3 . 8  6.9 
14. 65.7 66.1 65.8 64.5 62.3 58.9 54 .1  47.2 36.8 8.0 
15. 70.2 70.8 70.5 69.2 66.9 6 3 . 4  5 8 . 3  51.0 40.0 9.2 
16. 74.8 75.5 75.2 74.0 71.6 67.9 62.5 54.9 43.1 10 .9  
17. 79.4 8 0 . 2  A 0 . O  78.7 76.2 72.4 66.8 59.7 4 6 . 9  11.7 
18. 83.9 8 4 . 8  A4.7 83.4 8 0 r 9  76.9 71.1 62.7 49.7 1 3 . 2  
19. 88.4 89.4 89.4 88.1 8 5 . 6  81.5 75.4 6 6 . 6  53.1 14.6 
20. 92.9 94.1 99.1 92.9 90.3 86.1 79.8 70.7 56.5 16.2 

21.  97.3 98.7 98.8 97.6 
22.  101.7 103.2 103.5 102.3 
23.  106.1 107.8 108.1 107.1 
24.  110.5 112.3 112.8 111.8 
25.  114.8 116.8 117.4 116.5 
26.  119.1 121.3 I t 2 . l  121.2 
27. 123.3 125.8 126.7 125.9 
28 .  127.5 130.2 131.3 130.6 
29. 131.7 134.6 135.8 135.3 
30. 135.8 139.0 140.4 140.0 

95.0 9n.7 84.2 74.7 60.0 17.9 
99.7 95.3 8 8 * 6  7 8 . 8  63.5 19.6 

104.4 99.9 9 3 0 1  83.0 67.1 21.4 
109.1 1 0 4 . 6  97.6 87.1 70.7 23.2 
113.9 1 0 9 0 2  102.1 91.4 74.4 25.2 
118.6 113.9 106.6 95.6 78.2 27.2 
123.3 118.6 111.2 99.9 82.0 29.3 
128.1 123.3 115.7 104.2 85.8 31.5 
132.8 128.0 1 2 0 0 3  108.6 89.7 33.7 
137.5 132.7 125.0 113.0 9 3 0 6  36.1 

3 1 .  139.9 143.3 1 4 4 * 9  144.6 1 4 2 . 3  137.5 129.6 117.4 97.6 3 8 . 4  
32. 14q.0 147.6 149.4 149.3 1'47.0 1 4 2 . 2  134.3 121.9 101.7 YU.9 
3 3 .  1q8.0 151.9 153.9 153.9 151.7 146.9 138.9 126.3 105.7 4 3 . 4  
3 4 .  152.0 156.1 15P.3 1SR.5 1 5 6 . 4  151.7 143.6 130.9 109.8 4 6 . 0  
35. 155.9 160.3 162.7 163.1 1 6 1 - 1  156.4 1 4 8 . 3  135.4 1 1 4 r O  48.7 
3 6 *  t 5 9 . 4  1 6 4 . 5  167.1 167.6 165.8 161.1 153.0 139.9 118.2 51.4 
37. 163.6 168.6 171.5 172.2 170.5  165.9 157.7 144.5 122.4 54.3 
3 8 .  167.Y 172.6 175.8 176.7 175.1 170.6 162.4 149.1 126.7 57.1 
39. 171.2 176.7 1 ~ 0 . 1  181.2 179.8 175.3 167.2 153.7 131.0 6 0 . 1  
40. 174.9 180.7 184.3 185.7 184.4 180.1 171.9 158.4 135.3 63.1 

A R C  A L O N G  GROUND T R A C K  BETWEEN EQllATOR AND L A T I T U D E  L ( W ) 

a06 6 . 4 2  12.92 19.59 26.54 33.94 42.04 51.33 63.06 89.963 
a06 6 - 4 2  12.92 19.59 26.54 33.94 42.04 51.33 63.08 89.98 



Table IIa 

* *  M I N I M U M  D I S T A N C E  RETWEEN O R B I T  GROUND T R A C K S * *  A P O L L O  16- O E S C A R T E S  

F O R  S E V O L U T I O N  S E P A R A T I O N  ON T H E  L U N A R  F Q U A T O R  I N  D E G R E E 5 , A N D  L A T I T U D E  I N  DEG. 
M l N l M U M  R E V  S E P A R A T I O N  AT L A T I T U D E  I N  K I L O M E T E R S  

( M E A S U R E 0  F R O M  TRACK 2 ) 

a ( i ) =  8.98 
A ( 2 ) =  10.40 

R F V  L A 1  1 T U D E  
-1n.qn -10.00 -9 .00 -8.98 - 8 . 0 0  -7 .no -6.00 -s.no -4.00 -3.00 -2 .0n  -1.00 - . O l  

6 .  
7. 
8 .  
9.  

10 .  
1 1 .  
1 2 .  
13. 
! e .  
15. 

1 6 .  
17.  
18.  
19 .  

2 1 .  
22 .  
23 
24.  
2 5  

z n .  

-430 I 
-43.2 
- 4 3 . 4  
- 4 3 . 7  
- 4 4 .  1 
-44.5 
-45 .1  
-45.7 
-46.q 
-47.1 

-25.6 -21.1 -11.7 - 1 2 . 3  
-22.2 -17 .3  -17.6 -8.0 
-18.9 - 1 3 . 6  - R e 5  -3.7 
- 1  5 . 6  -9.9 -4 5 e 6  
-12.3 - 6 . 3  - e 6  4.8 

-9.1 -2.7 3.3 9.0 
- 6 . 0  .9 7.2 13.1 
-3.0 4.3 11 .0  17.2 

.0 7 . 8  1 4 * 8  21.2 
2.9 11.1 18.5 25.3 

- 8 . 0  
-3.5 

1.0 
5.4 
9.9 

14.2 
18.6 
2 2 0 9  
2 7 r 2  
31.4 

-3.7 .5 4.7 
09 5.2 9.4 

5.5 9 .9  14.2 
10.1 14.6 10.9 
1'4.7 19.3 23.6 
19.2 23.9 28.3 
23.7 28.6 33 .0  
28.2 33.2 37.7 
32.7 3 7 . R  42.4 
37.1 42.4 47.1 

-44 .0  -32.0 -15.9 - 1 s . 5  -4 .0  5.F  1 4 . 4  22.2 29.2 35.7 4 1 . 5  46.9 5 1 . 7  
-4R.9 -31.7 -14 .2  -14.0 -1.8 8.6 17.7 25.8 33.2 39.8 YS.9 51.4 56.4 
-49.9 -31.4 -12 .8  -12.5 0 4  11 .3  20.9  29.4 37.0 44.0 50.3 5 6 . 0  6 1 . 0  
-51.0 -31.2 -11 .5  -11.1 2 . 5  1 4 a O  2410 32.9  411.9 48.1 54.6 60.4 A 5 1 6  
-52.2 -31.0 -10.2 -9.8 4.5 16.6 27.1 3 6 . 3  44.6 52.1 58.9 69.9 70.2 
- 5 3 . 5  - 3 1  -0 -9.0 - R e 6  6 . 5  19.1 30.1 39.7 4CI.Y 56.1 63.1 69.3 74.8 
-54 .8  - 3 1 . 0  -7 .9 -7.5 8.3 2 1 . 6  33.0 43.1 52.1 60.1  67.3 73.7 79.3 
- 5 6 . 2  -31.1 - 6 . 8  - 6 . 4  10.1 2400 35.9 46.4 55.7 64.0 71.5  78.1 43.9 
-57.7 -31.3 -5.9 - 5 . 5  11.9 26.3 38.7 49.6 59.3 67.9 75.6 82.4 88.4 
- 5 9 . 3  -31 .6  -5.0 -4.6 13.5 2 8 . 6  41.5 52.8 6 2 . 8  71.8 79 .7  06.7 9 2 . 8  

2 6 .  -6n .9  
2 7 .  -62.6 
28.  -64.4 
2 9 .  - 6 6 . 3  
3 n .  - 6 R . 2  
3 1 .  -70.3 
32. -72.4 
3 3 .  -74 .5  
3 4 .  -76 .0  
35. -79.1 

3 A .  
3 7 .  
3 A .  
3 9 .  
Y O .  

4 1 .  
42.  
43, 
44. 
45. 

-32.0 
-32.4 
-32 9 
- 3 3  9 6 
-34.2 
-35 0 
-35.9 
- 3 6  8 
-37.8 
-38.9 

- 8 1 . 5  -40 .1  
-83.9 -41.3 
- 8 6  0 5  -42 7 
- 8 9 . 1  -44.1 
- 9 1  - 7  -45.6 
-94.5 - 4 7 . 1  
-97 .3  -48.8 

-1Of1.2 -50.5 
- 1 0 3 . 1  -52.3 
- 1  O h  I - 5 4  e 2  

-4 .2  
-3.5 
-2.8 
-2.3 
-1.8 
- 1  04 
-1.1 

-.8 
- 0 7  
- e 6  

- . 6  
-.7 
- 0 9  

- 1  0 2  
- 1  05  
-1.9 
-2.4 
-3.0 
-3.7 
-4 .  4 

-3.7 15.1 30.7 44.1 55.9 6 6 . 3  75.5 8 3 . 8  91.0 9 7 . 3  
-3.0 16.6 3 2 0 9  46.8 58.9 69.7 79.3 8 7 . 8  95.2 101.7 
-2.3 18.0 34.9 49.3 61.9 73.1 83.0 91.7 99.4 1 3 6 . 1  
- 1 . 8  19.3 3 6 . 8  51.8 64.8 76.4 8 6 . 6  95.6 1 0 3 . 6  110.4 
-1.3 20.6 38.7 54.2 67.7 79.6 90.2 99.5 107.7 114.8 

-.9 21.8 40.5 5 6 . 5  70.5 8 2 . 8  93.7 1 0 3 . 3  111.R 119.0 
- 0 5  22.9 42.3 58.8 73.2 A5.9 97.2 107.1 115.8  123.3 
- e 3  23.9 93.9 61.0  75.9 89.0 100.6 110.8  119.8 127.5 
- e 1  24.9 45 .5  6 3 . 1  78.5 92.0 104.0 114.5 123.8 131.7 
.O 2 5 0 7  4 7 0 0  65.2 8 1 . 0  94.9  1 0 7 0 3  118.1 127.7 135.8 

.O 
- 0  1 
- 0 2  
-.5 
- 0 8  

-1.2 
-1.7 
-2.3 
-2.9 
- 3 . 6  

26.5 
27.2 
27.8 
2 8 . 4  
28.8 
29.2 
79.5 
29.7 
2919 
29.9 

48.5 
49.8 
51.1 
52.3 
5 3 . 1  
54.4 
55.4 
56.3 
5 7 . 1  
57.8 

6 7 . 2  8 3 . 5  9 7 . 8  1 1 O e 5  
69.1 8 5 0 8  100 .6  113.7 
70.9 8 8 . 2  1 0 3 . 4  116.8 
7 2 . 7  90.11 106.1 119.9  
74.3 9 2 . 6  108.7 1 2 2 . 9  
75.9 14.7 111.2 1 2 5 . 8  
77.5 9h.7 113.7  128.7 
7 8 0 9  99.7 116.1 131.5 
8 0 . 3  lflfl.6 1 1 8 . q  134.3 
81 .6  102.4 120.7 137.0 

121.7 
1 2 5 . 2  
128.7 
132.1 
135.5 
1 3 8 . 8  
1 4 2 . 0  
145.2 
148.3 
1 5 1  - 4  

131.5 
135.3 
139.1  
I42.A 
1 4 6 . 5  
1 5 r J .  1 
1 5 3 . 7  
1 5 7 . 2  
1 6 0 . 6  
I h4.n 

139.9 
144.Q 
1 4 8 0 0  
152.0 
155.9  
15q.8 

1 6 3 . 7  
1 6 7 . 5  
1 7 1  - 2  
1 7 w . 9  



Table I I b  

e *  M I N I M U M  DISTANCE RETWEEN O R R I T  GROlJND TRACKS.. APOLLO 1 6 -  D E s C A R T E S  

F O R  R L V O L U T I O N  SEP4RATlON ON THE LIJNAR EQUATOR I N  DEGREEStAND L A T I T U D E  I N  DEG. 
M I N ~ M U M  R E V  S E P A R A T I O N  A T  L A T I T U D E  IN KILOMETERS 

( MEASURED F R O M  T R A C K  2 1 
A ( l ) =  R e 9 8  
A ( 2 l =  10.40 

R E V  L I T  I T U D E  
. o i  1 .00 2.170 3.on 4.00 5.00 6.00 7.00 8 . 0 0  8.98 9.00 10.00 10.40 

6. 
7. 
8. 
9 .  

10. 
11.  
12. 
13. 
1 4 .  
15. 

4.8 8.9 13.0 17.0 21.0 25.0 28.8 32.6 3 6 . 3  39.7 39.7 42.8 43.1 
9.5 13.6 17.7 21.6 25.4 29.2 32.8 36.2 39.4 42.1 42.2 44.2 43.2 

14.2 18.3 22.3 26 .2  29 .9  3 3 . 4  36.7 39.8 42.5 44.7 44.7 45.7 43.4 
19.0 23.1 27.0 30.8 34.4 37.7 40.8 43.5 45.8 47.3 47.3 97.2 43.7 
23.7 27.8 31.7 35.9 38.9 42.0 94.8 47.2 49.1 5 0 . 0  5 0 . 0  48.9 4'4.1 
28.4 32.5 36.4 40.1 43.4 46.3 48.9 51.0 52.4 5 2 . 8  52.7 5 0 . A  44.5 
33.1 37.3 41.2 94.7 47.9 50.7 53.1 54.8 55.8 55.6 55.6 52.4 45.1 
37.8 42.0 45.9 49.4 52.5 55.1 57.2 58.7 59.3 58.5 58.4 54.3 45.7 
42.5 46.7 5 0 . 6  54.1 57.1 59.6 61.5 62.6 6 2 . 8  61.q 61.4 5 6 . 2  46.4 
97.2 51.5 5 5 . 4  58.8 61.7 64.0 65.7 6 6 . 6  A 6 . 3  64.4 61.4 58.2 47 .2  

16. 51.A 56 .2  6 0 . 1  63.5 66.3 6 8 . 5  70.0  70.6 70.U 
17. 56.5 60.9 64-8 6 8 . 2  70.9 73.0 74.3 74.6 73.6 
18. 61.1 65.6 69.6 72.9 75.6 77.6 78.7 78.7 7 7 0 4  
19. 65.7 70.3 74.3 77.6 90.3 82.1 83.1 R2.9 81.1 
2n.  70.3 75.0 79.0 82.4 8 5 . 0  86.7 87.5 87.1 85.0 
21.  74.9 79.6 83.7 R7.1 89.7 91.3 91 .9  91.3 8 8 . 8  
22.  79.4 84.3 8 8 . 5  91.8 94.4 95.9 96.4 95.5 92.8 
23 84.0 88.9 93.2 96.6 99.1 1 o n . 6  100.9 99.8 96.7 
24 .  88.5 93.6 97.9 101.3 103.8 105.2 105.4 104.1 l n 0 . 7  
2 5  92.9 98.2 1 0 2 . 6  106 .0  I t 3 8 0 5  109.9 1 1 0 0 0  109.5 104.8 

67.5 
70.6 
73.8 
77 .1  
a0.q 
83.8 
87.2 
90.7 
94.3 
97.9 

6 5 . q  60.3 48.0 
70.5 6 2 . 5  4 R - 9  
73.7 64.7 5n.0  
7 7 . 0  67.1-1 51.0 
80.3 69.4 52.2 
83.6 71 .9  53.5 
87.1 74.4 54.8 
90.5 77 .0  q6.2 
911.1 79 .6  57.7 
97.7 82.4 59.3 

26 97.4 102.7 107.2 110.8 113.2 
2 7 9  101.P 107.3 111.9 115.5 1 1 8 . 0  
28.  106.2 1 1 1 . 8  1 1 6 , s  120.2 122.7 

3 O *  114.9 120.9 125.8 129.6 132.2 
3 1 .  1 1 9 . 2  125.3 130.4 134.3  136.9 
3 2 *  123.4 129.8 135 .0  139.0 141.6  
3 3 .  127.7 134.2 139.5 143.6 146.4 
34. 131.8 138.5 144.1 148.3 151.1 
35. 136.0  142.9 148.6 152.9 155.8 

2 9 0  l l f l ~ b  116.4 121.2 124.9 127.4 

111.6 i i 4 . 5  112.8  108.9 101.5 101.3  85.2 60.9 
119.3 119.1  117.3 113.0 105.2 105.0 88.n 62.6 
124.n  123.7 121.7  117.2 109.0 108.7 90.9 64.4 

138.1 137.7 135.2 129.9 120.5  120.3 1no.i 70.3 

128.7 128.4 126.2 121.4 112.8 112.5 93.9 6 6 . 3  
133.4 133.0  130.7 125.6 1 1 6 . 6  116.4  97 .0  68.3 

142.9 142.q 1 3 9 0 7  1 3 4 - 3  124.5 124.2  103.3 72.4 
147.6 197.0 1 4 4 * 3  138.6 128.5 128.2 106.5 74 .5  
152.3 151.7 148.9 143.0 1 3 2 . 5  132.2 1 0 9 . 8  76.8 
157.1 156.4 153.5 147.9 136 .6  136.3 113.2 79.1 

153.0 
157.5 
161.9 
166.3 
170.7 
175.0  
179.3 
183.6 
1 8 7 . 8  
192.0 

157.5 1 6 0 . 5  161.8 
142.1 1 6 5 . 2  166.5 
166.7 169.8 171.2 
171.2 174.5 176.0 
175.7 179.1 180.7 
180.2  183.8 185.4 

l A 9 . 2  193.0 194.8 
193.6  197.5 199.5 
198.0 202.1  2 0 4 * 1  

i e q . 7  1 ~ 8 . 4  i 9 n . i  

1 6 1 . 2  1 5 A . I  151.8 140.7 
165.9 162.8 156 .3  144.8 
170.6 167.4 160.8 1Y9.O 
175.3 172.1 165.3 153.3 
180.1 176.11 169.9 157.6 
184.8 i n 1 . 5  179.5 1 6 1 . 9  
189.5 186 .2  179.0 166.2 
1 9 4 - 3  19n.9 183.7 170.6 
199.0 195.6 188.3 175.0 
203.7 200.11 192.9 179.4 

140.4 
144.5 
148.7 
152.9 
157.2 
1 6 1  e 5  
165.A 
170.2 
174.6 
179.0 

116.6 
120.1 
1 2 3 . 6  
127.2 
130.8 
1 3 4 . 5  
138.3  
1'12.1 
145.9 
1'19.9 

91.5 
64.Q 
8 6 . 5  
89.1 
9 1  e 8  
94.5 
9 7 . 3  

1 1 ? 1 1 .  2 
i1 -13 .  I 
1n6.1 

A D C  ALONG GROUND T R A C K  RFTWFEW FCjlJATOR AND L A T I T U D E  L ( W 1 
6 .42  12.92 19 .59  26.54 33.94 92.04 51.33 63008 8 9 - 7 8  .on , n f l  .on 

* O A  5.55 11.15 16.85 22.73 2R.87 35.38 42-96 50.44 59.85 60.06 7'1.1'1 n 9 . 9 9  



Table I I I a  

F O R  R E V n L U T l O N  S F P A R A T I O N  O N  T H E  LtlP’A‘? F 3 U A T O R  I N  D E G R E E S s A N D  L A T I T U D E  I N  D E G .  
M I N ~ ’ * U H  R L V  S F P A R A T I O N  AT L 4 T I T U D F :  I N  t 1 I . O P E T E R S  

f MEASURED FROM T R A C K  7 I 
A ( I ) =  l n . 4 0  
1 ( 2 ) =  In.40 

R E V  L A T I T I I D E  
-1004n -1O.fln - 9 . 0 0  - A . O O  - 7 . O f l  - 6 . I j 0  - 5 . 0 0  -4.00 -3.00 - 2 . 0 0  -1.00 - e 0 1  

1.  .n 1.5 2.7 3.5 4.G 4.5 4.8 5.0 5.2 5.4 5.4 5.5 
2. - . z  2 . R  5.3 6.R 0 . I1 R.8 9.5 1n.o 10.4 10.7 10.9 10.9 
3. -.4 4.1 7.8 I n . 1  11.8 13.1 14.2 15.0 15.6 16.0 16.3 16.4 
4. -.7 5 . 3  10.3 13.4 1 5 . 6  17.4 I R . 8  19.9 20.7 21.3 21.7 21.9 
5. - I  .2 6.3 12.6 1 6 . 5  19.4 21.6 23.4 24.8 25.8 26.6 27.1 27.3 
6 .  -1 .7 7 . 3  1’4.9 19.6 23.1 25.8 27.9 29.6 30.9 31.9 32.5 32.8 
7. -7.3 8.2 17.1 22.6 2 6 . 7  29.8 32.4 3 4 . 4  35.9 37.1 37.8 38.2 
R. -3.n 9.0 19.2 25.5 30.2 33.9 3 6 . 8  39.1 40.9 42.3 43.2 43.7 
9. -3.H 9.R 21.2 7R.3 3 3 . 7  37.h 41.2 4 3 . A  45.9 47.4 48.5 ‘49.1 

IO. - 9 . 7  l 0 . q  23.1 31.1 3 7 . 0  ‘11.7 45.5 44.4 50.6 52.6 53.A 5 4 . 5  

1 1 .  - 5 . 7  10.9 25.0 33.R 
12.  - 0 . 7  11.3 26.7 3h.4 
13.  -7 .9 11.7 2p.4 3a.9 
14. -9.7 11.9 3o.n 9 1 . 3  
15.  - 1 n . q  12.1 3 1 . 4  4 3 . 6  
1 6 .  - 1 2 . p  12.1 32.8 45.9 
17. - 1 3 . 5  12.1 344.1 4 9 . 1  
18.  -15.1 12.0 35.3 50.2 
19.  -1h.R l 1 . R  36.5 52.2 
20.  -1R.6 1 1 . 9  37.5 54.1 

4 0 . 4  
4 3 . 6  
4 6 . 6  
49.H 
5 2 . a  
55.8 
5 8 . 6  
6 1  e 4  

6 4 . 1  
66.7 

9s.s 49.7 
49.3 53.9 
53.0 5A.0 
5 h . A  62.1 
6 n . 2  66.1 
63.6 7 0 . 0  
67.n 73.9 
7q.44 77.7 
73.6 81.4 
70.63 05.1 

53 .0  
57.6 
62.1 
h 6 . 5  
70.9 
75.2 
79.5 
03.7 
87.8 
91 .9  

55.7 
6U.5 
65.3 
70.0 
74.7 
79.3 
03.9 
88.5 
93.0 
97.4 

57.7 59.0 5 9 . 9  
62.7 64.3 6 5 . 2  
67.7 69 .5  70.6 
72.7 79.7 75.9 
77.7 79.0 01.2 
02.6 8 5 . 0  46.5 
07.Y 90.0 91.8 
92.3 95 .1  97.0 
97.0 100.1  1’32.2 

101.8 105.1 107.4 

21 .  -20.5 11.0 3 p . 4  55.9 09.2 7 9 . 9  88.7 95.9 101.8 106.4 110.0 1 1 2 . 5  
2 2 .  - 2 2 . 5  10.5 39.3 57 .6  71.7 82.9 92.2 99.8 l f l 6 . 1  I l l e l  114.9 117.6 
23. -24 .6  9.9 4O.O 59.3 74.0 P5.9 95.7 103.7 110.3 115.7 119.P 122.7  
24 .  -26.q 9.2 40.7 611.9 76.3 R e 0 8  99.0 1 0 7 . 6  114.6 120.2 129.6 127.7 
2 5 .  - 2 9 . 0  8.4 41.2 62.3 78.5 91.6 102.4 111.3 118.7 124.7 129.3 132.7  
2h. -31.3 7.6 41.7 63.7 00.6 9q.3 1 0 5 . 6  115.0 122.8 129.1 1 3 4 . 0  137.7 
27 .  -33.7 6 . 6  4 2 . 1  6 5 . 0  P 2 . 6  96.7 lOR.7 1 I R . 6  126.6 133.5 1 3 8 . 7  1 4 2 . 6  
28.  - 3 6 . 3  5.5 42.4 66.2 (14.5 99.4 1 1 1 . 8  122.2  130.7 137.8 1 4 3 . 3  147.5 
29. - 3 R . R  4.4 42.5 67.3 R 6 . 4  1‘11.9 1 I Y . R  125.6 134.6 142.0 I’I7.9 1 5 2 . 3  
30. - 4 1 . 5  3 . 1  4 2 . 6  66.3 A 8 . 1  I r q . 3  117.8 129.0 138.5 146.2 152.9 157.1 

31. - 4 4 . 3  1.8 42.6 69.2 A9.H 110.6 12fl .6 132.4 142.2 150 .3  156.9  161.8 
32.  - 4 7 . 1  e 3  q2.5 7fl .a 91.4 I P B e A  123.4 135.6 145.9 1 5 4 . 4  161.3 166.5 
33. -517.0 - 1 . 2  42.3 7n.4 9 2 . 8  110.9 126.0 1 3 8 . 8  149.5 158.4 165.5 1 7 1 . 2  
3 4 .  - 5 3 . 0  -2.4 42.1 71.4 94.2 i 1 3 . n  128.7 141.9 153.1 162.4 169.9 175.8 
350 -56.1 -4.5 41.7 77.0 9 5 . 5  114.9 131.2 144.9 156.5 166.2  174.2 180.3 



Table I I Ib  

b *  M I N I ' q U h 4  O I S T A N C k  P E T " E € P J  n R R l T  GRn lJND T P A C K S r *  A P O L L O  16- 

WEV 

1 .  
2. 
3 .  
4 .  
5. 
6 .  
7. 
R. 
9. 

i n .  

1 1 .  
1 7 .  
13.  
1 4 .  

15. 
1 6 .  
17.  
1 R. 
19. 
20 .  

21 .  
22 .  
2 3  
24 .  
2 5  
26 .  
27 .  
ZR. 
2 9  
3n. 

3 1  s 
37. 
3 3 .  
34.  
35 .  

A (  1 l =  
P I ? ) =  

. C I I  

5 . E. 
l n . 9  
1 c . r  
2 1  e 9  
27.3 
37.R 
3 Q . 3  
43.7 
49.1 
5'4. G 

59.0  
65.3 
71.4. 
75.9 
81.2 
R A . 5  

9 1  . P  
97.n 

102.2 
07.4 

12.q 
17.7 
22.7 
27.R 
37.8 
37.7 

142.7 
147.5 
152.4  
157.2  

1n.40 
1n .4n  

1 .nn 

5.q 
10.9 
1 6 . 4  
21.9 
27.3 
32.4 
38.3 
q 3 . R  
q9.2 
j 4 . 7  

hn. I 
65.6 
71.0 
76.5 
R1.9 
R7.3 
92.A 
90.n 

1 0 3 . 4  
08 .7  

i 4 . n  
19.2 
24 ,s  
29.7 
34.9 
4 0 . 1  

1'15.2 
150.3 
155.4 
160.9 

1 6 5 . 4  
170.3  
175.7 
1 RU. I 
184.9 

AUC A L O N G  
. O h  5.55 

2.nn 

5.4 
10.3 
IC..? 
7 1  . A  
7 7 . 1  
32.5 
3 R  .n 
'43.44 
qn.9 
5 9 . 4  

59.R 
6 5 . 3  
7CI.R 
76.3 
R I  .7 
Q7.2 
92.4 
98.  I 

q9.n 

14.11 
19.Q 
75.1 
3P.5 
35.9 
4 1  I 
q 6 . 4  
51.7 
5 b . 9  
62. I 

67.3 
72.5 

1n3.5 

177.6 
1 9 2 0 7  
I R7.7 

L b T  I T l l n E  
7.nn 

5.7 
1 1 . 5  
1 5 . 6  
71.2 
2 6 . 5  
31 - 9  
37 .3  
4 ? . 7  
47. I 
5 3 . 5  

5 9 . 0  
64.4 
h9.9 
75.3 
R n . A  
R6.3 
9 1  e7  
97.2 

102.7 
1 n n . 2  

117.6  
119.1  
12q.5  
I 3q.n 

i 4 n . R  
14h.2  
1 E . l  .A 
157.0  
1 6 7 . 4  

167.7 

135.4  

173.0 
17a.3  
1 8 3 . 5  
I F I 9 . A  

4. c:n 

5.0 
10.2 
1 5 0 3  
70.5  
75.7 
3 0 . 9  
36.2 
'4 I 'I 
9 6 . 7  
52.1 

q 7 . 4  
b2.a 
h 8 . 2  
73.6 
79.b 
n4.4 
99.9 
95.3 

1nt i .2  

111.7 
117.2 
122.7 
178.1  
133.b 
179.1 
144.5  
150.0 
155.5 
160.9 

i n o . 8  

166.3  
1 7 1 . 8  
177.2 
I R 2 . 5  
1P7.9 

1 1 '  K I L O M F T E R S  

6.nD 

4.5 
9.0 

13.6 
14.3 
23 .0  
27.7 
32.5 
37.3 
Y2.2 
4 7 .  I 

52.1 
57.1 
62.1 
67.2 
72.3 
77 .5  
82.6 
87.9 
93 .  I 
99.4 

103.6 
109.9  
114.3 
119.6 
125.0  

13S.R 
141.2 
196.7 
1 5 2 -  1 

157.6 
163.0 

130.4 

6 A . 5  
74.0 
79.5 

AND L A T I T U D E  
35.3R 42.46 
35.38 42.46 

7.n0 

4.0 
A.2 

12.4 
141.7 
2 1  .O 
2 5 . 3  
29.R 
34.2 
3P.P 
Y 3 . 4  

4R.n  
52.7 
57.4 
6 7 . 2  
6 7 . 0  
7 1 - 9  
76.R 
R 1 . R  
8 6 . 8  
9 1  . R  

9b.9 
1f l2.0 

112.3 
117.5 
122.7 
12R.0 
133.3 
138.6 
143.9 

i n 7 .  I 

149.3 
154.7 
160.1 
164.5 
170.9 

L A T I T U D E  I N  D E G .  

8.00 

3.5 
7.1 

I U . 8  
14.5 
18.3 
22.2 
26.1 
J f l .  I 
34.2 
38.3 

4 2 . 5  
46.R 
5 1 . 1  
55.4 
59.9 
6 4 . 3  
68.9 
73 .5  
71). 1 
R2.R 

n 7 . 5  
92.3 
9 7 . 1  

106.9 
111.9  
116.9 
121.9 
127.0  
I320 1 

11-12.0 

137.2  
142.4 
14706 
152.9 
158.1 

9.00 

2 . 7  
5 . 6  
8 . 6  

1 1 . 6  
14.7 
17.8 
21.1 
24.4 
27.8 
3 1  e 3  

34.8 
38.4 
42.1 
45.9 
49.7 
53.6 
57.5 
0 1  e 5  

6 5 . 6  
69.8 

74.0 
78.3 
8 2 . 6  
87.0 
91.4 
95 .9  
00.5 
05.1 
09.7 
14.4 

19.2 
24.0 

128.9 
133.8 
138.7 

1n.q" 

1 .\ 
3.2 
q . q  
A.7 
R.6 

1 1 . 6  
12.7 
14.11 
17.1 
19.4 

21.R 
24 .3  

29.h 
32.3 
35.2 
3 R .  1 
4 1 . 1  
44.7 
47.3 

5n.s 
5 3 . Q  
5 7 . 2  
60.7 

67.R 
71 .5  
75.7 
79.1 
82 .9  

26.9 

64.2 

8 6 . 9  
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M I N I M U M  R E V  S F P A R A T I O N  AT L A l l T U n F  1st P l L n M E T E R S  
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A(21= I 5 o ' i D  
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14. -13.2 12.1 34.1 qQ.2 59.2 6 P . 3  75.9 A2.6 R M . 3  97.5 
15. -15.2 12.r 35.5 sn.7 6 2 . 6  77.3 83.6 87.7 93.9 104.0 
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32. - 6 R . 3  -11.3 39.7 73.4 100.2 127.6 142.0 159.1 174.2 199.5 219.4 234.7 2 4 5 . 5  
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- 9 n . o ~  -77.07 -65.64 -57.90 -51.53 -45.93 -40.84 -36.09 - 3 1 . 6 1  -23.18 -15.23 -7.55 -.n4 
-9n.nn -77.07 -65.64 -57.90 -51.53 - 4 5 . 9 3  -40.8~ -36.09 -31.61 -23.18 -15.23 -7.55 - . n 4  
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9. 72 .2  72.3 71.1 

IO. sn.2 8 0 . 4  79.1 
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